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FIGURE 29

CORRELATION CROSS SECTION A-A', SOUTH

BARROW 13 10 SINCLAIR COLVILLE T

Cross section A-A" includes South Barrow 13, South Barrow 17, Iko Bay
1, Tulageak 1, West Dease 1, East Simpson 2, East Simpson 1, Drew Point
1, J. W. Dalton 1, W. T. Foran 1, Cape Halkett 1, Atigaru Point 1, and
South Harrison Bay 1. Datum is sea level. The main geclogic features
shown are:

1.

2-

3.

4,

5,

6.

7.

g.

10.

11.

Unit M-1 {Endicott Group)} overlies unit 0-S (“Argfliite”)} at East
Simpson 2, W. T. Foran 1, Cape Halkett 1, Atigaru Point 1, and
Sinclair Colville 1. M-1 is present questionably at J. W. Dalton
1, based on indeterminate fossils and Late Mississipplan tectonics
suggested by 18° to 35° dips recorded in basal clastics.

The Lisburne Group laps out to the northwest. M-2 (Alapah
Limestone) laps out between Cape Halkett 1 and W. T. Foran I, and
P-1 (Wahoo Limestone) laps out between J, W, Dalton 1 and Drew
Point 1, The basal Lisburne clastfcs at J. W. Dalton 1 are
probably a part of P-1 and a lateral facies of the Wahoo.

P-1 is truncated and unconformably overlain by PR-2 at Sinclair
Colville 1, South Harrison Bay 1, and Atigaru Point 1, and by TR-1
at Cape Halkett 1, W, T. Foran 1, and J. W. Dalton l.

TR-2 ("Ivishak sandstone”) is only 93 ft (28 m) below the basal
“pebble Shale” unconformity at M. T. Foran 1, and only 139 ft (41
m) below it at J. W. Dalton 1. The subcrop of TR-Z below the
"Pebble Shale” is located under the Beaufort Sea, 4 to 6 mi (6 to
10 k=) north of W. T. Foran 1 and J. W. Dalton 1.

Triassic rocks lap onto the Barrow High. TR-3a (Shublik Formation)
laps out between Iko Bay 1 and South Barrow 17, TR-3b (Sag River
Sandstone} 1s present at South Barrow 13, but grades into shale to
the northwest between East Simpson 2 and West Dease 1.

Unit J-1 {"Lower Kingak") is present in all welis except J. W,
Dalton 1 and W. T. Foran 1. J-1c is below the basal "Pebble Shale"
unconformity at Sinclair Colville 1, South Harrison Bay 1, Atigaru
Point 1, Tulageak 1, and Ike¢ Bay 1. J-1 i5 truncated more deeply
by the basal “Pebble Shale" unconformity toward the Barrow High;
J-1b underlies it at Cape Halkett 1, East Simpson 1, West Dease 1,
South Barrow 17, and South Barrow 13. At East Simpson 2, J-la
{“Barrow sandstone*) is all that remains of J-1.

Unit J-3 is only in the wells farthest from the Barrow High:
Attgaru Point 1, South Harrison Bay 1, and Sinclair Colville 1,

Ka-1b ("Pebble Shale*) is present in all wells except South
Harrison Bay 1 on the edge of the Fish Creek Platform.

Ka-2 and Ka-3 (Torok Formation and Manushuk Group) are time-
transgressive units that overlie unit Ka-lb. The rocks become
younger from the southwest to the northeast, and have an initial
regional dip to the northeast.

The Torok clinothem (foreset) beds in unit Ka-2 are immediately
below the surface deposits in South Barrow 13 and South Barrow 17.

Progressively younger strata underlie the Quaternary surface
materials to the southeast. The Torok undathem {topset) beds in
unit Ka-2 are present at Iko Bay 1. At Tulageak 1 and West Dease
1, unit Ka-3 underlifes unit § and consists of wainly marine
Nanushuk strata. Unit Kb (Colville Group) is present at East
Simpson 2 and East Simpson 1. Unit T (Sagavanirktok Formation)

underlies the surface beds in all other wells except Sinclair

Colville 1 where unit Kb is on the surface.
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FIGURE 30

FIGURE 30

LITHOSTRATIGRAPHIC CROSS SECTION A-A', SOUTH
H RIS 1

Features of interest, from the bottom upward and from
northwest (left) to southeast (right) of the section, are:

1. The "Acoustic basement" 1s composed of "Argiilite"
(phyllite and quartzite) in the Barrow area. Farther to
the southeast, rocks lithologically comparable to the
Endicott Group probably are downfaulted erosional
remnants lodged in basement rocks.

2. The Endicott Group is time-transgressive onto the Barrow
Arch. Pennsylvanian clastics below Lisburne Group
carbonates at J. W. Dalton 1 are classed 1ithologically
as Lisburne clastics {unit P-1).

3. Nithin the Lisburne Group, the Wahoo Limestone truncates
the Alapah Limestone east of South Harrison Bay 1. The
Wahoo 1aps out between J. W. Daiton 1 and Drew Point 1.

4, The Echooka Formation (Ikiakpaurak Member) and the upper
part of the Wahoo Limestone are truncated and overlain by
the Lvishak Formation just east of Drew Point 1.

5. The Shublik Formation and Sag River Sandstone lap out on
the Barrow High. The Sag River is represented by an
unnamed siltstone equivalent in the Barrow area.

6. The "Pebble Shale" truncates Paleozoic and early Mesozoic
rocks over the Barrow Arch.

7. The source of the Torok Formation and the Nanushuk and
Colville Groups seems to be to the west. The
Torok-Nanushuk sequence progrades toward the east.
First, the Torok fondothem, clinothem, and undathem, and
then the Nanushuk marine and nomnmarine occur upward in
the section. The great thickness of the sequence
indicates very rapid deposition.

8. The Colville Group is a thinner replica of the underlying
Torok-Nanushuk sequence. The basin-slope sequence of the
Seabee Formation, which is similar to the Torok, is
succeeded by the shallow marine Schrader Bluff Formation,
which is simflar to the Nanushuk marine. The Colville
progrades toward the east.

9, The Sagavanirktok Formation is a shallow marine Tertiary
unit. The thickest Tertiary section on the Reserve
occurs in the northeast corner between J. W. Dalton 1
and Atigaru Point 1.
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FIGURE 31

FIGURE 31

PARASTRATIGRAPHIC CROSS SECTION A-A‘, SOUTH
BARROW 13 TO SOUTH HARRISON BAY 1

Features of interest, from the bottom upward and from
northwest (left) of the section to the southeast (right),
are:

1. Structures below horizon 1500 in the "Acoustic basement”
are inferred. According to Carter and Laufeld (197%),
the basement is Ordovician-Silurian in the Barrow area.
Inferred bedding and dip changes indicate that, from J.
WM. Dalton 1 to Cape Halkett 1, some of the
metasedimentary rocks comprising the "Acoustic basement™
may be younger than Ordovician-Silurian.

2. Progressively younger rocks l1ap onto the Barrow Arch from
the southeast toward the northwest. The M-1(?), M-2,
P-1, PR, TR-1, TR-3, and J-I units progressively overlap
the "Acoustic basement."”

3. Horizons 0700 and 0720 form a reflector doublet that is
near the top and bottom, respectively, of unit Ka-lb
(Late Neocomian). Ka-1b truncates progressively older
rocks toward the north, and lies directly on TR-2 between
J. W. Dalton 1 and Cape Halkett l.

4. Horizon 0500 {mid-Aptian(?)) downlaps onto horizon 0700
(top of Ka-1b) and is near the top of unit Ka-2. East of
Drew Point 1, unit Ka-3 (Late Aptian to early Cenomanian}
directly overlies Ka-lb.

5. The Barrow High was uplifted in post-Cretaceous time.
Progressively younger strata occur below surface deposits
from the crest of the Barrow High toward the southeast.
Ka-2 is near the surface on the Barrow High, and is
3ver1ain toward the southeast by units Ka-3, Kb, T, and

6. The Simpson oil seeps emanate from the edge of the
Simpson canyon. This sediment-filled trough is presumed
to be a submarine canyon cut during mid-Cretaceous time.
According to Robinson (1959), the sediments are Late
Cretaceous.
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FIGURE 32

FIGURE 32

COMPRESSED SEISMIC CROSS SECT IOH'IA-A', SOUTH
BARROW 13 to SOUTH HARRISON GAY

to

Features of interest are:

1.

2.

3.

4,

5.

Right-angle seismic line intersections are responsible
for several “pseudostructures.” For example, within the
Torok clinothem, there are several apparent anticlines
and synclines mostly caused by dip direction changes
because of changes in the direction of the lines. This
is also true for an apparent basin at the intersection of
lines 665-79 and 684-79,

Below "“Acoustic basement,"” there is an indication of
structure in the 0-S, D{?), or younger strata, Some of
these features are refractions, probably from faults.
Some apparent bedding is probably due to multiples from
higher strata. Therefore, all interpreted structures
below “Acoustic basement" are conjectural.

Mud-gun data are represented by “washed-out™ zones over
Dease Inlet and Smith Bay. These zones are found at the
southeast end of seismic line B-11, and between East
Simpson 1 and Drew Point 1 on line 75X-78. Although the
data are poor, some of the continuous reflectors are more
obvious on this compressed section than on the
comifentiona] seismic sections, especially in the deeper
horizons.

‘The "Disturbed Zone" 1s crossed just east of South Barrow

13, beginning on line B10-78 and ending on line 811-78.
Very few reflectors can be traced across this feature.

Basement tectonic elements are seen in the Barrow High to
the northwest. The rest of this section is just to the
south of and subparaliel to the Barrow Arch. Minor
flexures that are apparent in the basement are caused by
Tine direction changes. '
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FIGURE 33

FIGURE 33

TYPE LOG OF M-1 PARASTRATIGRAPHIC
UNIT, TRIGOK

2 1

At Inigok 1, the top of unit M-1 is picked at 17,870 ft
(5,448 m). This depth coincides with the correlated
lithostratigraphic top of the Endicott Group. Inigok 1 bot-
tomed at a total depth of 20,102 ft (6,127 m} in the M-l
unit. The unit consists of interbedded fine- to
nedium-grained clastics and coal beds between 18,300 ft
(5,578 m) and total depth. Between 17,870 and 18,300 ft
(5,448 and 5,578 m), tt consists of interbedded fine- to
medium-grained clastics and carbonates. On electric logs,
cyclical segments with a period of 20 to 60 ft (6 to 18 m)
are typical in this unit. The log curves are characterized
by numerous wide curve fluctuations producing a distinct
“jagged" appearance.




T w
k-
£ 3 INIGOK | R
w
g2 | g° 3 g £
[4 =
3] Ez GR SP RES SONIC DENSITY wld|®
2 It (APIUNITS) (MILLIVOLTS) {OHMS M2/M)  [MICROSEC/FT) (BMS/CC) § § %
] 52 o 300 200 0 0.2 _ 2000 190 40 1.8 S
T T T [ T T T 1 I T T T == T T T ? i
LISBURNE - —
GROUP 178 I,
—1 ! 5
M-2a | ALAPAH il ks . 2
18,911 LS | P | %
15,718 -1 -5 o w
I~ 7T M =
""" L <
|| |8
'—
- g e
ENDICOTT N K8
M-t BROUP ©
(7,810 | 17,870 by
o

NO SP CURVE OF THIS INTERVAL

P-T 21 TOP AT 18,300 -

S

INDETERMINATE

GEQLOGIC COLUMN

LETHOSTRATERAP
u

MESOZIONW

PALEOZOIC

1
¥

) TETHA TECH, INC,,,

TEXAS ENERSY MNANASEMENT DIVIBION CALIFRANIA
PETROLEUM EXPLORATION OF NPRA 1974-1981 {FINAL REPORT)

TYPE LOG OF
M-I PARASJEAOIIC?RAPHIC UNIT

TO 20102

NPR ALASKA
FOA
ONPRA
HUSKY OIL NPR QOPERATIONS INC.
PABIECT MARABER: .. W BRUYNZEEL PROJECT WO, TC-7174
INTERPRETATION BY: STAFF L
DATE: SEPT., 1981 DATUM:
CONTOUR INT: SCALES WS NO,

TETRA TECH REPORT NOQ.8200

“ALD O FIGURE 33



FIGURE 34

FIGURE 34

TYPE LOG OF M-2 PARASTRATIGRAPHIC
URIT, IRIGOR T

At Inigok 1, the top of M-2 is picked at 15,718 ft (4,791 m),
which coincides with the 1ithostratigraphic top of the Alapah
Formation. On electric logs, cyclical segments with a period
of 50 to 150 ft (15 to 46 m) are typical of the M-2 unit.
The cycles characteristically are funnel-shaped segments that
probably represent “shoaling®” or “shallowing-upward"”
carbonate depositional cycles (James, 1979, p. 110).

By contrast, a bell-shaped segment probably represents a
*deepening-upward" carbonate depositional cycle during which
eustatic sea-level rise or shelf subsidence outpaced
carbonate sedimentation. Such a cycle is characterized by
more numerous shale breaks and argillaceous carbonates.

The boundary between Mamet's foraminiferal zones 18, 19, and
20 is the marker selected to separate M-2 from the overlying
P unit. This boundary occurs at 15,740 ft (4,799 m) at
Inigok 1.
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FIGURE 35

F1GURE 35

ISOPACH AND LITHOFACIES MAP, M-1

Well Thickness Clastic
reet Meters Ratio
Atigaru Point 1 187 57 /8
Cape Halkett 1 383 118 <1/8
J. W. Dalton 1 72 22 <1/8
W. T. Foran 1 188 57 <1/8
Ikptkpuk 1 200 61 1/6
Inigok 1 2,232+ 680+ 1/1.9
East Simpson 2 . 276 84 <1/12
Sinclair Colville 1 310 94 n.d.*
Arco Itkillik River 930 284 1/15

*n.d., not determined

The M-1 unit is defined as pre-mid-Heramecian clastics
containtng foraminifera of Mamet's zone 12 or older. At
Inigok 1, the top of M-1 coincides with the top of the
clastic Endicott Group; 1n the northeastern part of the NPRA,
M-1 is restricted to a northwest-trending trough. Steeply to
ently dipping remnants of the M-1 overlte unit 0-35
?'Argilﬁte') at East Simpson 2, and questionably at J. W.
Dalton 1, Cape Halkett 1, W. T. Foran 1, and Atigaru Point 1.
The unit probably extends farther north, below the Beaufort
Sea.

Seismic interpretation delineated the lapout of the western
and southern boundaries of unit M-1 onto the Meade Arch and
Umiat platform, respectively. Elsewhere, the M-1 unit is
truncated and overtain unconformably by younger rocks.

The mid-Meramecian tectonic event locally metamorphosed the
clastics of unit M-1 and altered it to quartzite. The M-1

_unit is composed mainly of clastics, although interbedded

carbonates accur near the top of the unit at Inigok 1; shales
and siltstones are more common than sandstones.

0i1 shows were found in unit M-1 in a 20-ft (6-m) sandstone
at East Simpson 2. However, this sandstone and others 1like
it are probably thin and not extensive. The M-1 unit is
mainly composed of shales along the Arctic coast.
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FIGURE 36

FIGURE 36

ISOPACH AND LITHOFACIES MAP, M-2

Wells Thickness Sand-Shale Clastic
Feet Weters Ratio Ratio
Atigary Point 1 531 162 1/3.3 1/3.9
Cape Halkett 1 165 50 1/3.5 172.1
West Fish Creek 1 309+ 94+ 1/2.3(1) 1/5.2
Ixpikpuk 1 1,632 497 <178 1/7.2
Inigok 1 2,152 656 1/8 1/7
Lisburne 1 1,198(2) 365 n.d.* n.d.
East Teshekpuk 1 275 84+ 173(7) 1/3(1)
Sinclair Colville 1 398(7) 121 n.d. n.d.
Arco 1tkillik 1,250 391 n.d. n.d.
"River 1

*n.d., not determined

The M-2 parastratigraphic unit coincides with the Alapah Limestone of
the Lisburne Group at Inigok 1. Inigok 1 is used as the “type® well
for the Lisburne in the NPRA because the thickest Lisburne section
drilled was at Inigok 1.

Unit M-2 thins toward the north. Typically, it is less than 500 ft
{152 m) thick over the Fish Creek Platform and laps out gradually near
the present Arctic coastline. Seismic and well data show that this
unit ¥s not present in wells on the Simpson Peninsula.

The depositional trend of M-2 in the coastal area departs markedly from
that of M-1 (fig. 35). This probably indicates that the Barrow High
and the Fish Creek Platform were uplifted at some time Jate in the
deposition of M-1 to early in the deposition of M-2,

Based on sefsmic stratigraphy, M-2 Taps out against the Oumalik High.
The unit thickens southward and may thin and lap out in the Umiat area.
However, the seismic record quality in this area is poor, and there is
no well control to support this conclusion.

At Lisburne 1, fossils indicate that the Lisburne Group is of late
Meramecian to Chesterian age. Thus, these rocks are assigned to unit
M-2. The Lisburne 1is repeated in five plates in Lisburne 1, Its
original thickness in this area is not known; the thickness of 1,198 ft
(365 m) shown on the map is from plate 1, which probably was deposited
100 mi {160 km} farther to the south. -

In the northwestern NPRA, Mississippian rocks were not observed.
Tunalik 1 and Kugrua 1 penetrated Pennsylvanian Lisburne carbonates, so
the presence of unit M-2 at these locatiens is questionable. Seismic-
stratigraphic interpretation shows that unit M-2 is present in the
deeper part of the Meade Basin.

At Tkpikpuk, Inigok 1, and West Fish Creek 1, unit M-2 mainly consists
of limestones and dolomites with shale partings. The noncarbonate to
carbonate ratio increases with minor amounts of siltstone and sandstone
patches at Cape Halkett 1, Atigaru Point 1, and East Teshekpuk 1.
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FIGURE 37

FIGURE 37

CORRELATION CROSS SECTION 6-6', W. T. FORAN 1
YU ARCO TTRICLIR RIVER T

Cross section G-G" includes W. T. Foran 1, Cape Halkett 1, Atigaru
Point 1, Seuth Harrison Bay 1, West Fish Creek 1, and Arco Itki11ik
River 1. Datum is sea level. The main genlogic features shown are:

1,

z.

3.

4,

6.

?‘

s.

10.

Unit M-1 (Endicott Group) overlies unit 0-5 {"Argillite")} at W. T.-
Foran 1, Cape Halkett 1, Atigaru Point 1, and Arco Itkilldik- River .
1. In W, T. Foran 1 and Cape Halkett 1, 18° to 35" dips were
recorded in M-1, suggesting Late Mississippian tectonics.

Unit M-2bh (Alapah Limestone) is overlapped and truncated by P-1
(Mahoo Limestone) toward the north.

Unit PR-2 (Ikiakpaurak Member of the Echooka Formation) laps out
against the Barrow Arch between Atigaru Point 1 and Cape Halkett 1.

TR=-2 ("Ivishak sandstone" member of the Ivishak Formation) probably
is truncated by the basal "Pebble Shale® unconformity a few miles
north of W. T. Foran 1, below the Beaufort 5ea. Between Cape
Halkett 1 and W. T. Foran 1, the uncenformity truncates TR-3b (Sag
River Sandstone). The Sag River grades into shale to the southeast
between Wast Fish Creek 1 and Arco Itkillik River 1.

J-1 ("Lower Kingak®) thins and is truncated by the wmid-Jurassic
unconformity toward the south.

Progressively older strata are truncated to the north by Early
Cretaceous rocks. At Arco Itkillik River 1, Ka-1b (“Pebble Shale*)
unconformably overlies the J-3¢ (Berriasian-Valanginian)} part of
the “Upper Kingak." The Torok fondothem (bottomset) beds, within
the time-transgressive Ka-3 (Torok-Nanushuk) unit, unconformably
overlie J-3¢ at West Fish Creek 1 and the J-3b (Oxfordian-
Kimmeridgian) part of the *Upper Kingak" at South Harrison Bay 1.
Unit Ka-lb unconformably overlies the J-3a (Oxfordian) part of the
“Upper Kingak" at Atigaru Point 1, unit J-1 at Cape Halkett 1, and
unit TR-3a (Shublik) at W. T. Foran 1.

Ka-1b 1s absent over the Fish Creek Platform at South Harrison Bay
1 and West Fish Creek 1, because either the Fish Creek Platform was
a positive area where the “Pebble Shale" was never deposited, or
the "Pebble Shale™ was eroded subsequent to its deposition.
Apparent channels through the "Pebble Shale" are evident on
compressed seismic sections across the Fish Creek Platform.

The time-transgressive Ka-3 unit unconformably overlies Ka-lb at W,
T. Foran 1, Cape Halkett 1, Atfgaru Point 1, and Arco Itki1Mik
River 1. At South Harrison Bay 1 and West Fish Creek 1, unit Ka-3
unconformably overlies unit J-3.

Unit Xb {Colville Group) unconformably overlies the marine Nanushuk
strata within Ka-3,

Tertiary {unit T) rocks overlie the Kb wunit and underlie the
Quaternary {unit () surface deposits in all wells except Mest Fish
Creek 1 where Kb is below the Quaternary surface materials,
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FIGURE 38

FIGURE 38

LITHOSTRATIGRAPHIC CROSS SECTION 6-G',

L4

W. 1. FORAN 1 10 ARCO ITKILLIK RIVER 1

features of interest, from the bottom upward and from
northwest (left) to southeast (right}), are:

1.

3.

5.

6.

7.

The "Acoustic basement" in cross section G-6' is probably
composed of “Argillite." “Argillite” was identified at
the bottom of W. T. Foran 1, Cape Halkett 1, Atigaru
Point 1, and Arco Itkillik River 1.

The Endicott Group overlies the basement at W. 7. Foran
1, Cape Halkett 1, Atigaru Point 1, and Arco Itkillik
River 1. The Endicott is probably a time-transgressive
clastic magnafacies to the northwest.

The Sag River Sandstone is truncated by the “Pebble
Shale" at Cape Halkett 1 and grades into shale between
West Fish Creek 1 and Arco Itkillik River 1.

The Kingak Formation in this area is composed of
siltstone and shale. No significant sandstone bodies
were found in any of the wells in this section.

The “Pebble Shale.,” a distinctive seismic marker across
the NPRA, is absent in the middle of cross section 6-6',
presumably removed by erosion. On the northwest (left)
side of the section, the "Pebble Shale" truncates the
Shublik and Ivishak Formations.

The Torok-Nanushuk sequence progrades toward the north-
east. The Torok fondothem {“"basal Torok"), clinothem,
and ‘undathem, and the Nanushuk marine beds succeed one
another vertically. The Nanushuk nonmarine formations
are absent in this section.

The Nanushuk marine Grandstand Formation is overlain by
the Seabee Formation of the Colville Group, and the
Seabee 1s succeeded by the Schrader Bluff Formation of
the Colville Group. The Tertiary Sagavanirktok Formation
overlies the Colville at W. T. Foran 1 and Cape Halkett
1, and is questionably present at Arco Itkillik River 1.
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FIGURE 39

FIGURE 39

PARASTRATIGRAPRIC CROSS SECTION 6-G',
W. T. FORANT TO ARCO ITRILLIR RIVER

. 1

Features of interest from the bottom upward and from the
northwest (left) to the southeast (right), are:

1.

2.

3.

4.

5.

6.

7.

8.

9.

Few obvious structures can be seen below horizon 1500
(*Acoustic basement"). '

Unit M-1 overlies “Acoustic basement" at Arco Itkillik
River 1, and l1aps out against the Fish Creek Platform to
the northwest. M-1 may be present at W. T. Foran 1 and
Cape Halkett 1; clastic rocks dipping 15° to 30° near the
bottom of both wells may be erosional remnants of
Mississippian rocks.

Unit M-2 laps out or 1s very thin on the crest of the
Fish Cregk Platform. P-1 truncates M-2 and overlies the
Fish Creek Platform.

Horizon 1100 i$ near the top of unit P-1 at W. T. Foran 1
and Cape Halkett 1. To the southeast, horizon 1100 is
near the top of unit PR, which is truncated by unit TR-1.

Horizons 1000 and 1040 are near the top and bottom,
respectively, of unit TR-3. These seismic horizons form
a reflector couplet that is traceable across the section.

Units J-1 and J-3 thin because of truncation by overiying
Cretaceous units from the southeast toward the northwest.
Horizon 0850 (late Oxfordian) is truncated by horizon
0700 between Atigaru Point 1 and South Harrison Bay 1.
Horizon 0900 (mid-Jurassic unconformity) is truncated by
horizon 0720 to the southeast of Cape Halkett 1. At W.
T. Foran 1, Ka-1b directiy overlies TR-3.

Horizons 0700 and 0720 form a reflector couplet near the
top and bottom, respectively, of unit Ka-lb. Ka-1lb and
overlying Cretaceous units truncate progressively older
rocks toward the northwest. In the middle part of the
section, Ka-1b is absent, perhaps because of erosion.

Unit Ka-3 (probably 1late Aptian-early Cenomanian)
directly overlies Ka-1b or older rocks. Unit Ka-2, which
downlaps on Ka-lb to the southwest, is absent in cross
section 6-6',

Horizon 0400 (mid-Cenomanian unconformity) is near the
boundary between units Ka-3 and Kb. Units T and Q are
thickest at W. T. Foran 1 and Cape Halkett 1, and
questionably present at Arco Itkillik River 1.
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FIGURE 40

FIGURE 40

COMPRESSED SEISMIC CROSS SECTION 6-G‘,

Compressed seismic cross section G-G' connects several of the
wells in the northeastern part of the NPRA in the Harrison
Bay area. The wells and years they were drilled include N.
T. Foran 1, 1977; Cape Halkett 1, 1975; Atigaru Point 1,
1977; South Harrison Bay 1, 1976; and West Fish Creek 1,
1977. Cross section &-G' runs northwest to southeast,
starting about 2 mi west of W. T. Foran 1 and ending on the
Colville River about 3 mi west of Arco Itkillik River 1,
(Segments 6-88 through 18-74 of compressed seismic cross
section G-6' are repeated in figure 32 on compressed seismic
cross section A-A'.) The most direct route between Cape
Halkett 1 and Atigaru Point 1 is over Harrison Bay; however,
because the mud- or- air-qun seismic data obtained in 1970-72
are unsuitable for this compressed seismic section, the
section detours around Harrison Bay passing East Teshekpuk 1
at shotpoint 105 and North Kalikpik 1 at shotpoint 50 on line
75-75. Neither of these wells is shown on the section. The
route from South Harrison Bay 1 to West Fish Creek 1 is by
switchback, or reversal, of direction at line 20-74.
Features of interest are:

1. Because of the circuitous nature of this section, a
number of dip reversals occur at seismic l1ine
intersections 7-74 and 75-75, 19-74 and 18-74, 18-74 and
25X-75, 19-74 and 22-74, 22-74 and 27-74, and 27-74 and
24-74, In addition, line 19-74 is reversed and partly
repeated at Atigaru Point 1. Shown between 0.5 and 2.0
seconds at these Iintersections are a serfes of
“pseudostructures,” or northeast-dipping clinoforms, in

. the Torok Formation.

2. There is little findication of structure below "Acoustic
basement." Most of the features are probably refractions
from faults or multiples from higher strata.

3. A number of sharp “pull-ups” on 1lines 19-74, 18-74,
20-74, and 22-74 are probably velocity anomalies related
to nearsurface permafrost. Seismic interpretation
eliminated these irregularities on figures 38 and 39.

4. Basement tectonic elements shown are the Barrow Arch to
the northwest and the Fish Creek Platform in the middle
of the section.
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FIGURE 41

FIGURE 41

ISOPACH AND LITHOFACIES MAP, P-1

Wells Thickness Sand-Shale Clastic
Feet Meters Ratio Ratio
Atigaru Point 1 972 296 1/6 1/4
Cape Halkett 1 385 117 173.2 1/2.7
J. ¥. Dalton 1 879 268 1.2 1.3
West Fish Creek 1 622 190 1/2.1 1/4.2
W. T. Foran 1 377 115 1/8.8 1/2.1
South Harrison 1,058 322 1/8 1/4.4
Bay 1
Ikpikpuk 1 1,667 508 <1/8 173.7
Inigok 1 1,507 459 £1/8 1/5.6
Kugrua 1 - 1,053+ 321 1/6 1/4.5
East Teshekpuk 1 740 226 1/8 1/4.3
Tunalik 1 1,240+ 378+ 1/8 1/4.4
Sinclair Colville 1 32 10 N.d,* n.d.
Arco Itkillik 1,295 395 n.d. n.d.
River 1 -

*n.d., not determined.

The tectonic elements showm are the Tunalik Basin, Wainwright
Arch, Meade Basin, Meade Arch, Oumalik High, and Utukok High.

In the northeastern part of the NPRA, unit P-1 is nearly
synonymous with the MWahoo Limestone. P-1 comprises massive
Pennsylvanian carbonates containing Mamet's foraminiferal
zones 20 through 24.

The P-1 unit is thickest in the vicinity of Ikpikpuk 1 in the
Ikpikpuk Basin. It gradually thins to the northwest and laps
out toward the Barrow High. East of the Meade Arch, P-1 is
overlapped by the TR-1 interval. The unit is truncated
beneath the Beaufort Sea by the basal "Pebble Shale"®
unconformity, and thins toward the south in the direction of
the Umiat Platform. Correlation of equivalent foraminiferal
zones and seismic stratigraphy show that, west of the Meade
Arch-Oumalik High trend, P-1 thickens considerably in local
basins, and thins or laps out completely over local highs.

The laterally correlative Pennsylvanian carbonates penetrated
in both Kugrua 1 and Tunalik 1 probably are not preseat in
the southern part of the Reserve. The P-1 unit becomes
coarser as it onlaps the arches to the north. The unit
contains sandy basal clastics at J. W. Dalton 1. These
clastics are projected to the western side of the Meade Arch.
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FIGURE 42

FIGURE 42 - .

1SOPACH AND LITHOFACIES MAP, P-2

Wells Thickness Sand-Shale Clastic

Feet Meters Ratio Ratio

Ikpikpuk 1 212 65 1/8 1/1.7
Inigok 1 185 56 1/8 173.2
Kugrua 1 357 109 178 172.9
Tunalik 1 1,997+ 486 1/8 172.8

Arco Itkillik
River 1 (7} - - -

*includes 745 ft (227 m) of interbedded basalt.

The P-2 parastratigraphic unit wostly coincides with the
»Transition Zone" between the Wahoo Limestone and the Joe
Creek Member of the Echooka Foramation.

The northern boundary of P-2 runs roughly east-west. MWest of
the Meade Arch, and farther to the north, the unit
unconformably overlaps the P-1 unit. East of the Meade Arch,
P-2 is truncated by the PR-2 unit in the north. Unit P-2 is
thickest in the Ikpikpuk Basin, and wedges out to the
northeast.

At Tunalik 1, unit P-2 is 1,997 ft (609 m) thick and includes
745 ft {227 m) of interbedded basalt. In the Meade Basin,
seismic-stratigraphic interpretation indicates P-2 is fairly
thick, Relatively thin P-2 sediments are present over the
positive tectonic elements in the northwestern NPRA.
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FIGURE 43

FIGURE 43

TYPE LOG OF P-1 PARASTRATIGRAPHIC

UNIT, TRIGOKT

At Inigok 1, the top of the P-1 unit is at 14,211 ft (4,332
m). On electrical logs, the unit is characterized mainly by
funnel-shaped cyclical segments with a period of 30 to 100 ft
(9 to 30 m). The ganma-ray curve indicates relatively fewer,
thinner shale breaks in the P-1 unit than in underlying
units. The P-2 unit consists mainly of funnel-shaped
cyclical segments with a period of 20 to 40 ft (6 to 12 m).

In most wells, the lower two-thirds of P-1 consists of
massive carbonates with relatively few shale breaks; on logs,
the gamma-ray and sonic curves are relatively straight. The
}ithologic boundary between the more massive carbonates and
the interbedded carbonates and shales occurs at different
levels in different wells,

In the various NPRA wells, the boundary between Mamet's 20-21
or 22-24 {21+) foraminiferal 2zones and all younger
foraminiferal assemblages is picked as the top of the P-1
unit.
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FIGURE 44

FIGURE 44

TYPE LOG OF P-2, PR-1, AND PR-2

PARASTRATIGRAPRIC URTTS, —
TUNALTE T

At Tunallk 1, the P-Z unit is 1,997 ft (609 m)} thick. The
top of the unit is at 17,098 ft (5,211 m) and the base ts at
19,095 ft (5,820 m). This is the thickest occurrence of the
unit that was drilled in the NPRA; hence, Tunalik 1 is the
“type” well for definition of unit P-2. A 745-ft (227-m)
basalt layer is contained in P-2 at Tunalik 1; core and
cuttings descriptions define this layer as a volcanic flow.

The PR unit is recognizable from pronounced log deflections
at the base of the relatively featureless TR-1 unit. PR is
subdivided into a lower calcareous, fine clastic unit
designated PR-1 and an upper coarse clastic unit designated
PR-2. The lower unit appears shaly on the electric logs with
several pronounced carbonate “spikes" near the base of the
unit. The upper unit is characterized by pronounced
deflections on all curves. PR §s 300 to 400 ft (91 to 122 m)
thick in most places. :
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FIGURE 45

FIGURE 45

I1SOPACH AND LITHOFACIES MAP, PR-1

Well Thickness Sand-Shale
Feet Meters Ratio

Ikpikpuk 1 77 23 {1/8
Inigok 1 177 61 <1/8
Tunalik 1 _ 96 29 <1/8
Topagoruk 201 62 <1/8
Sinclajr Colville 1 47 14 n.d.*

*n.d., not determined.

The PR-1 unit coincides with the Joe Creek Member of the
Echooka Formation and consists mainly of shale and siltstone
with some interbedded limestone near the base. A relatively
thin unit, PR-1 overiies the shaly P-2 and underlies the
coarser clastics of the PR-2 unit.

The PR-1 unit onlaps the underlying P-2 interval toward the
north. Unit PR-2 extends farther to the north than PR-1
before terminating by onlap onto the Barrow High.
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FIGURE 46

FIGURE 46

ISOPACH AND LITHOFACIES MAP, PR-2

Nell Thickness Sand-Shale
Teet Meters Ratio
Atigaru Point 1 i1l 39 1/1.3
West Fish Creek 1 85 17 1.8
South Harrison Bay 1 99 30 1.7
Tkpikpuk 1 241 73 172.3
Inigok 1 193 59 172.8
Kugrua 1 188 57 3.0
Peard 1 164 50 100
South Simpson 1 162 49 1.8
East Teshekpuk 1 38 12 1/1.2
Topagoruk 1 68 22 1/2.5
Tunalik 1 118 36 3.2
Sinclair Colville 1 78 24 n.d.*

e
»
=

Arcq Itkillik River 1 105 32

*n.d., not determined.

The PR-2 parastratigraphic unit coincides with the
Ikiakpaurak Member of the Echooka Formation. PR-2 laps onto
the tectonically positive Barrow High to the north. The unit
thickens toward the south to a maximum of 241 ft (73 m) at
Ikpikpuk 1.

In the west, the PR-Z unit laps onto the Wainwright and the
Meade Arches. East of the Meade Arch, the unit is truncated
by the overlying TR-1 unit.

PR-Z2 becomes increasingly sandy toward the north, The area
of greatest sand development is at Peard 1 where the unit
consists entirely of sandstone. PR-2 also is sandy over the
Fish Creek Platform.
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FIGURE 47

FIGURE 47

ISOPACH MAP, TR-1

Well Thickness
‘ Feet HNeters

Atigaru Point 1 162 49
Cape Halkett 1 73 22
J. W, Datton 1 87 27
West Fish Creek 1 269 82
W. T. Foran 1 62 19
South Harrison Bay 1 201 61
Ikpikpuk 1 214 61
Inigok 1 326 99
Kugrua 1 170 52
Listurne 1 125 38
Peard 1 113 34
South Simpson 1 38 12
East Teshekpuk 1 168 51
Topagoruk 1 93 28
Tunalik 1 1,323 407
Sinclair Colville 1 182 5%

Arco Itkillik River 1 290 89

The TR-1 interval coincides with the "Kavik shale," and parts
may be equivalent to parts of the overlying TR-2 unit.

The TR-1 unit taps onto the Barrow High and probably is
truncated to the north by the basal "Pebble Shale*
unconformity. In the northeastern NPRA, TR-1 thickens
gradually toward the south to a maximum thickness of 326 ft
(99 m) at Inigok 1. In the northwestern NPRA, the unit
thickens toward the Tunalik Basin. The thickest "Kavik
shale”™ interval penetrated 1in the NPRA is at Tunalik 1 where
TR-1 is 1,323 ft (403 m) thick.

The TR-1 unit consists of shale and siltstone. Al
sand-shale ratios are less than 1/8, No Tlimestone was
identified in this unit, so no clastic ratios were
calculated. Lithofacies patterns were not plotted.
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FIGURE 48

FIGURE 48

1SOPACH AND LITHOFACIES MAP, TR-2

Well Thickness Sand-Shale

Feet™ Meters Ratio
Atigaru Point 1 644 196 1.7
Cape Halkett 1 574 175 1.1
J. W. Dalton 1 337 103 1.1
Drew Point -1 278 88 1.1
West Fish Creek 1 657 200 1/4
W. T. Foran 1 498 152 1.6
South Harrison Bay 1 692 211 1/2.4
Ikpikpuk 1 699 211 1/2.4
Infgok 1 830 253 1/1.6
Kugrua 1 802 244 1/16
South Meade 1 407 124 1/4
Peard 1 617 188 1/4.3
Simpson 1 5 2 n.d.*
East Simpson 1 168 51 2.1
South Simpson 1 353 108 1/1.6
East Teshekpuk 1 588 179 1/5.5
Topagoruk 1 449 127 1/2.4
Tunalik 1 74} 226 1/16
Sinclair Colville 1 573 175 n.d.
Arco Itkillik River 1 700 213 n.d.

*n.d., not determined.

The TR-Z unit contains the "Ivishak sandstone,” which is the
main reservoir at Prudhoe Bay. TR-2 laps onto the Barrow
High westward from J. W. Dalton 1. East of J. W. Dalton 1,
TR-2 is truncated by the basal “Pebble Shale® unconformity.

The sand-shale ratios for this unit become progressively
smaller toward the southwest. The highest sand counts occur
along the Arctic coast and south of the Barrow High,

The TR-2 interval is very sandy in the northeastern part of
the NPRA, West of the Meade Arch, TR-2 consists mainly of
siitstones, shales, and thin silty sands.
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FIGURE 49

FIGURE 49

ISOPACH AMD LITHOFACIES MAP, TR-3a

Wells Thickness Sand-Shale Clastic
Feet Neters Ratio Ratio

Atigaru Point 1 255 78 1/1.4 3.8
South Barrow 3 165 50 n.d.* n.d.
Cape Halkett 1 215 . &6 1/1.4 3.1
J. H. Dalton 1 139 43 1/1.2 0
W. Dease 1 67 21 1/1.2 0
Drew Point 1 510 155 1.2 9
West Fish Creek 1 231 70 <1/8 1.8
W. T. Foran 1 93 28 1/2.5 14
South Harrison Bay 1 284 - 87 1/10 1/6
Iko Bay 1 58 18 2.4 13.5
Ikpikpuk 1 480 146 177 6.4
Inigok 1 - 343 105 1/6 18
North Inigok 1 152+ 46+ n.d. n.d.
Kugrua 1 372 113 <{1/8 1.9
Kuyanak 1 184 56 1.1 [V}
Lisburne 1 250(2?) 76 1.2 1/1.6
South Meade 1 238 73 179.5 0
Peard 1 300 91 5.1 18
Simpson 1 269 - 82 : 1/2.4 0
East Simpson 1 431 131 1/8.3 10
East Simpson 2 382 116 0 1/1.1
South Simpson 1 524 . 160 {1/8 23
East Teshekpuk 1 181 55 <1/8 1.6
Topagoruk 1 370 113 <1/8 0
Tulageak 1 - &7 20 1/1.3 0
Tunalik 1 . 470 143 1.1 5.6
Walakpa 1 284 87 2.3 8.5
Walakpa 2 313 95 2.1 7.9
Sinclair Colville 1 324 99 n.d, n.d.
Arco Itkillik

River 1 322 99 n.d. n.d.

*n.d., not determined.

The TR-3a unit coincides with the Shublik Formation. The
variable thickness of the unit 18 associated with the
principal tectonic features of the NPRA. In the eastern half

" of the Reserve, the maximum thickness of TR-3a occurs at




Ikpikpuk 1 (480 ft, or 146 m) and Inigok 1 (343 ft, or 15 m)
in the Ikpikpuk Basin. East of the Dease Inlet, the basal
“Pabble Shale" unconformity truncates TR-3a. The truncation
zone runs roughly east-west and is just north of dJ. W. Dalton
1 and W. T. Foran 1. West of Dease Inlet, the unit onlaps
the Barrow High.

Thicknesses of TR-3a at East Teshekpuk 1 and West Fish Creek
1 indicate thinning over the Fish Creek Platferm. Thinning
also 1is apparent on the flanks of the Meade Arch, as
jndicated at South Meade 1 and Kugrua 1. In the western half
of the Reserve, the unit is thickest at Tunmalik 1 and thins
northeastward toward the Barrow High. Lithology and high
gamma-ray curve deflections within TR-3a suggest that the
thinning may be due to periodic nondeposition.

The TR-3a unit consists of calcareous carbonaceous shaies and
siltstones, silty limestones, and silty calcareous
sandstones. Glauconite is a common accessory mineral in the
sandstones, and thin shell beds occur throughout the
interval. Sand-shale ratios and clastic ratios indicate that
the best sand development is in the northwestern part of the
Reserve.

High sand-shale ratios at Peard 1, Yalakpa 1, Walakpa 2, and
1ko Bay 1 indicate a source area northwest of the present
shoreline. TR-3a is progressively more argillaceous toward
the southeast and more calcareous toward the south. Over the
Fish Creek Platform, the amount of limestone present
increases significantly. At South Harrison Bay 1, the unit
js mostly limestone. At Lisburne 1, with no nearby control,
arenaceous limestone is indicated. Apparent lithologic
anomalies occur at East Simpson 2 where the unit 1is
interbedded siltstone and limestone and Drew Point 1 where
the high sand count may be caused by statistical variations,
or may indicate a small barlike body flanking the Barrow
High.
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FIGURE 50

FIGURE 50

ISOPACH AND LITHOFACIES MAP, TR-3b

Well Thickness Sand-Shale
Feet HKeters Ratio

Atigaru Point 1 94 29 3.4
South Barrow 3 47 14 1.8
South Barrow 13 50 15 >1/8
South Barrow 17 80 24 1.4
Cape Halkett 1 131 40 1.6
West Dease 1 151 46 1.8
Drew Point 1 104 2 3.5
West Fish Creek 1 k] 11 >8
South Harrison Bay 1 54 17 1/1.2
1ko Bay 1 106 32 3.1
Tkpikpuk 1 51 16 1.6
Inigok 1 44 13 <1/8
North Inigok 1 93 28 1/5.2
Kugrua 1 132 40 2
Kuyanak 1 132 40 4.8
Lisburne 1 {?) -
South Meade 1 122 37 1.2
Peard 1 216 66 1.8
Simpson 1 116 35 2.1
East Simpson 1 157 48 2.3
East Simpsen 2 154 47 3.0
South Simpson 1 143 44 2.6
East Tashekpuk 1 129 39 1/1.3
Topagoruk 1 150 46 1.1
Tulageak 1 117 36 2.0
Tunalik 1 88 27 <1/8
Nalakpa 1 126 38 - 2.86
Walakpa 2 147 45 2.3
Sinclatr Colville 46 14 n.d,*
Arco Itkillik River 1 74 23 <1/8

*n.d., not determined.

In the northern part of the NPRA, Unit TR-3b contains the Sag River
Sandstone. The unit ranges tn thickness from 216 ft {66 m) at Peard 1
to 36 ft (11 m)} at West Fish Creek 1, with the thickest development
Just south of and parallel to the Barrow High. The unit thins toward
the south across the Reserve and probably is present only in the
northern half of the NPRA. In the Barrow area, TR-3b thins toward the
north where it onlaps the Barrow High. East of Dease Inlet, the basal
“Pebble Shale" unconformity truncates TR-3b. Near Dease Inlet, TR-3b
appears to thicken toward the north-northeast, and it is uncertain
whether truncation or onlap occurs.

Unit TR-3b 15 the "cleanest™ stratigraphic unit drilled to date on the
Reserve, The sandstone lithofacies of the Sag River 1s restricted to
the northern part of the NPRA where it is a sheetiike sand probably
cansisting of a series of overlapping bars. The unit becomes
increasingly sitty toward the west and south. In the Barrow area,
TR-3b consists of limestone and a shore facies of glauconitic, shelly
sandstones, siltstones, and shales.

3and-shale ratfos indicate two areas of partly overlapping barlfke
complexes. The best developed area §s in the northwestern KPRA,
extending from South Barrow 17 in the north, to Peard 1 and Kugrua 1 to
the southwest, to Drew Point 1 to the northeast. The second area of
good sand development is associated with the Fish Creek Platform. A
third, smaller aréa of sand located at [kpikpuk 1 may be an extension
of the Fish Creek Platfors bar or mav represent an isolated
accuulation.
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FIGURE 51

FIGURE 51

THREE-DIMENSIONAL PERSPECTIVE

This computer-plotted image of horizon 1000 as viewed from
the east was generated from about 6,000 records in an NPRA
geophysical data base. The illustration is a generalized
configuration of the top of parastratigraphic unit TR-3 as
represented by horizon 1000,
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FIGURE 52

FIGURE 52

LINE B1-78-6-1182, SHOTPOINTS 8-270,
SCALED FINAL_STACK

Line B1-78, a northe-northeast seismic l1ine subparallel to the
northwest coastline of the Barrow area, shows the large
structural feature known as the Barrow High. This broad
anticline trends nearly east-west across the Barrow area,
extending westward into the Chukchi Sea. Most of the
pre-Cretaceous section terminates due to onlap onto the
southern flank of the Barrow High or is truncated by the
basal “Pebble Shale” unconformity. Line B1-78 shows the
tapouts of horizon 1000 and the Kingak Formation. Horizons
1040 and 1100 lap out farther to the south, demonstrating the
extension of younger horizons northward beyond the
terminations of older horizons. These onlap terminations
provide possible stratigraphic traps.

B1-78 also shows the displacement of the Barrow High axis
with depth. The axis, which trends generally east-west,
migrates northward with increasing depth. Thinning of the
Cretacecus portion of the section over the Barrow High is
also evident,
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